Humic acids eKtracted by NaOH and by Na 2 H 2 P 2 0 7 decreased the amount of Al complexed with F by 21 -100% at pH 4 and 6 and ratios of Cmoles of humic acid:F>l. The Al humate complex precipitated when the Al:humic acid ratio was >1. Both humic acids appeared to be more effective than simple carboxylic acids at competing with F for AI.
INTRODUCTION
Both fluoride, F, and organic anions have been shown to decrease Al toxicity to plants by forming soluble complexes and thereby decreasing the amount of free aluminium, A1 3 + 2,6.
([J will be used to denote concentrations and () to denote activities throughout this report.) The anions have been identified in soil solutions as major complexing ligands of Al 4 ,ll but the extent to which they compete for Al is not known. This is partly because it is difficult to estimate an equilibrium constant for the formation of AI-humate complexes and therefore thermodynamic equilibria principles cannot be used to predict the speciation of AI. The identification of A1 3 + as the major toxic Al species has renewed interest in analytical methods for
3+
Al that measure Al only, rather than total aluminium, AlT. were then used in equations (1) Where Ii :::
The complexes of Al with F and OH included in equations
(1) -(3) were the same as those included in the calculations made by QELIOS.
Competition between Humic Acid and F for Al
We studied the effect of six concentrations of two types of humic acid on the complexing between equimolar quantities of AI T and F at pH 4 and 6. The ratio of T humic acid and F cannot be expressed in molar quantities because the molecular weight of the humic acid is unknown.
Hence, the quantities of humic acid will be expressed in terms of Cmoles of cation exchange capacity (i.e. the number of negative charges in Cmoles).
The first humic acid was extracted from a peat soil with cold NaOH I2 , 6 .
A stock solution of humic acid was prepared by shaking Ig in 500 ml of 0.05M K 2 C0 for 16 3 hours.
The The AI-OH and AI-F species were the same as those considered in the previous section. The ability of some carboxylic acids (see Table 1 ) to compete with F for Al at pH 4 was Equations (1) and (3) (Table 2) .
Presumably, [AI ] calculated T by equation (1) The agreement of equation (2) with QELIOS is probably a fortuitous result of the choice of AI:F ratios. If ratios «1 had been chosen, a similar disagreement with QELIOS would have been observed.
The AIT:F ratios in acid soil solutions tend to be T »1 because of low F concentrations l3 . Hence equations (1) and (3) made by equation (2) by all the methods were in reasonable agreement with that calculated by QELIOS. Therefore equation (1) (Fig. 1) .
In the absence of humic acid, 78 and 42% of [AI ] is complexed with F at pH 4 and 6, T respectively.
At humic acid:F ratios ~l, the speciation of Al in the presence of both F and humic acid was complicated by precipitation. The extent of precipitation appeared to depend on how the pH of the solution and pK of association of the humic acid affected the AI:humic acid ratio in solution.
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a. No precipitation of Al would occur at this pH in the absence of humic acid which suggests that the precipitate was an AI-humate complex.
Ritchie et a1 5 observed that AI-humate complexes precipitated out of solution when the ratio of Cmoles At humic acid:F ratios >1, no precipitation occurred and both humic acids decreased AI-F complexing by 21-100%.
There was no difference in the ability of the two types of humic acid to compete with F for Al at pH 4 when humic acid:F was >10 (Fig. 2) . The sodium hydroxide extractable humic acid was able to compete more effectively with F for Al at pH 6 than at pH 4, In the presence of F, the humic acids were able to complex more Al than all the simple carboxylic acids it was compared with (Fig. 3) .
In acid soil solutions, humic acid:F ratios are likely to be ) 10 In acid soil solutions, humic acids are more likely to control Al speciation than F because they can compete successfully with F for Al at humic acid:F ratios >1.
